The primary objective of this study was to determine the risk factors associated with undertriage and the risk factors for mortality among the undertriaged patients at a level I safety-net trauma center. Methods: A retrospective analysis was performed of all trauma patients who presented to a level I safety-net trauma center with an injury severity score >15 over a 2-year period (2013)(2014). Univariate and multivariate regression analyses were used to determine the risk factors predictive of undertriage in major trauma patients (injury severity score >15) and of mortality in undertriaged patients. Results: During the 2-year study period, 334 of 2,485 admitted trauma patients presented with major trauma and were included in our study. From the univariate analysis, variables that were found to be independently associated with mortality in undertriaged patients included intubation, Glasgow Coma Scale score, revised trauma score, and dementia. Independent risk factors that were found to be significantly associated with undertriage in severely injured trauma patients included Glasgow Coma Scale score, motor vehicle crash, falls, revised trauma score, systolic blood pressure, heart rate, intubation, and dementia. When a multivariate analysis was performed to evaluate the statistically significant risk factors, dementia was found to be significantly associated with undertriage in severely injured trauma patients. Conclusion: Severely injured trauma patients with dementia are at significant risk for undertriage. Early identification of these risk factors while triaging at a level I safety-net trauma center could translate into improved patient outcomes following severe trauma.
Introduction
The establishment of early and definitive trauma care by means of appropriate triage decreases mortality in traumatically injured patients. 1, 2 Trauma centers implement guidelines designed to match patient injury with hospital resources, in order to maximize efficient and effective care. 3, 4 Triage to a trauma center is guided by physiologic criteria, anatomic criteria, and the mechanism of injury. Our center has adopted a three-level trauma activation system detailed in Table S1 .
In USA, the American College of Surgeons (ACS) provides oversight and accreditation for trauma centers. The ACS suggests that patients with major trauma receive the highest level of resources, as defined in Table S1 . 5, 6 An injury severity score (ISS) can be calculated to quantify the severity of patient injuries. 7 Major trauma is then defined as patients with an ISS >15. Because ISS is a retrospective scoring system, it cannot be used for triage of the acutely injured patient. Instead, trauma activation guidelines attempt to match the severity of the traumatic injury with the appropriate amount of resources. Ideally, patients with major trauma are triaged to the highest level of trauma care, that is, a level I trauma team activation (TTA), based on triage guidelines. However, some patients who present with certain risk factors are not assigned a level I TTA despite the severity of injuries. 8 The group of patients with an ISS >15 who do not receive level I TTA are termed "undertriaged".
Several authors have demonstrated that undertriaged patients tend to have worse outcomes than appropriately triaged patients, [9] [10] [11] including increased mortality. 12, 13 Hence, the ACS encourages the trauma centers to achieve an undertriage rate less than 5%. However, in practice, the undertriage rate approaches 35% in the US. 14, 15 Risk factors for undertriage that were previously identified include: advanced age, female sex, and falls. 12, [14] [15] [16] [17] However, only a few studies have looked at undertriaged patients within a multi-tiered trauma system. Further, this data is lacking in publicly owned hospitals which constitute 35% of level I trauma centers in the US. 2 In the US, specialized level I trauma centers are accredited for the highest level of care for traumatic injuries. Further, publicly owned hospitals comprise a "public safety-net", which the Institute of Medicine defines as hospitals that deliver care to uninsured, underinsured, and vulnerable patients. 18 In light of the paucity of data, the purpose of this study is to determine the risk factors for undertriage and mortality in a level I public safety-net trauma center. Determining these factors is especially important in safety-net hospitals, as they have been previously reported to be providing lower quality of care relative to non-safety-net hospitals. 19 In addition, early detection of these risk factors while triaging could significantly improve the level of care provided, thereby improving patient outcomes and reducing mortality following severe trauma. 20, 21 Examining the demographics, injury characteristics, admission vitals, and mortality of trauma patients in a safety-net hospital could elucidate the risk factors that are most predictive of undertriage.
Methods
This retrospective analysis was conducted at Nassau University Medical Center (NUMC), a 500-bed level I safety-net trauma center in Nassau County, New York with approximately 1,650 trauma admissions per year. The trauma registry and patient medical records were used to identify all adult trauma patients (age ≥18 years) who were admitted to the trauma center with an ISS >15 during a 2-year period (2013) (2014) . All data were obtained from the trauma registry and a standardized trauma flowsheet using the patient's medical record. Fifteen trauma patients who were pronounced dead upon arrival to the hospital were excluded from our study. Each injured body region of the trauma patient was assigned an Abbreviated Injury Scale score. The ISS score was calculated by adding together the square of Abbreviated Injury Scale scores for the three most severely injured body regions. 22 During the 2-year study period, 334 patients had been admitted to our trauma center with an ISS >15. The study protocol was approved by the Institutional Review Board at NUMC. The Institutional Review Board at NUMC did not require that formal consent be obtained from the participants, due to the retrospective nature of this study.
At NUMC, the trauma patients are categorized according to the severity of injury and the following three-tier activation system: level I trauma indicates the most severe injuries and an allocation of the highest level of resources, level II TTA requires fewer members of the trauma team, and a level III TTA requires only a small portion of the trauma team and necessitates the fewest resources. The triage criteria and the team compositions for the activation levels are presented in Table S1 . For the purpose of our study, undertriaged patients were those who presented with an ISS >15, but were not assigned a level I TTA in accordance with the Cribari method (Table S2 ). The trauma registry and the patient medical records were reviewed for patient demographic data and variables such as age, sex, race, injury characteristics, admission vitals, in-hospital complications, and mortality.
Statistical analysis
Descriptive statistics were performed on all variables in this study. Continuous variables were summarized as mean ± standard deviation. Categorical variables were summarized as frequency distributions and percentages. Pearson's chisquared test or Fisher's exact test was used to compare categorical variables. Student's t-test or Mann-Whitney U-test was used to compare continuous variables. Univariate and multivariate regression analyses were used to determine the risk factors predictive of undertriage in severely injured trauma patients and of mortality in undertriaged patients. P<0.05 was considered statistically significant. SAS 9.4 was used as the statistical tool for analysis.
Results
During the 2-year study period (2013-2014), 2,485 patients were admitted to our trauma center. Of these, 334 (13.44%) patients had an ISS >15, indicating major trauma. Among these major trauma patients, 171 (51.20%) patients were appropriately triaged and 163 (48.80%) patients were undertriaged. Using the Cribari method, the undertriage rate was 9.35% and 
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Undertriage in level I safety-net trauma center the overtriage rate was 69.95%. Baseline characteristics of the study population with the subgroups of patients that were appropriately triaged and undertriaged are presented in Table 1 .
Patients who were undertriaged when compared to patients that were appropriately triaged had a significantly lower mortality rate ( (Table 1) .
Injury patterns in the study population by triage type are depicted in Figure 1 . Head injury constituted the most common injury in both the study subgroups. Facial (30.41% vs 18.41%; P<0.05) and abdominal/pelvic injuries (42.69% vs 24.54%; P<0.05) were significantly higher in those patients who had been appropriately triaged versus patients who had been undertriaged. In-hospital complications by triage type are presented in Figure 2 . Sepsis was the most common 
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Barsi et al in-hospital complication in patients who had been appropriately triaged (8.77%), whereas in undertriaged patients, it was pneumonia (7.98%). Although the overall in-hospital complication rate was significantly lower in the undertriaged patients when compared to patients who had been appropriately triaged (15.34% vs 24.71%; P=0.0405), the types of complications observed were similar between the two groups.
From the univariate analysis ( 
Discussion
Although the benefits of multi-tiered trauma systems have been previously identified, a significant portion of patients continue to be undertriaged, and thus, are potentially at risk for adverse outcomes. 23, 24 The observed undertriage rate of 9.35% at our center during the study period is higher than the ACS goal undertriage rate of ≤5%. 5 But it is difficult to compare the undertriage rates across studies owing to the differences in the definition of undertriage and institutional triage guidelines. 20, 24, 25 Unfortunately, the ACS gives little guidance on the definition or process for review of undertriage patients within the confines of a multi-tiered system. ACS considers any patient with an ISS >15 without a level I activation as undertriaged. Therefore, a patient with an ISS >15 and a level II TTA is technically undertriaged. On one hand, the presence of an attending surgeon has been reported to reduce resuscitation times. 26, 27 However, considerable resources are devoted to take care of injured patients with a level II activation ( Table 1 ). The staffing for a level II trauma activation may be adequate for all, but the most severely injured trauma patients who need to be immediately taken to the operating room.
Ultimately, we have used the Cribari method which relies entirely on the ISS to calculate undertriage and overtriage rates. Paradoxically, the ISS itself cannot be used for triage and can only be calculated in retrospect after recognition of the full extent of the patient's injuries. Hence, the Cribari method does not take into consideration 
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Undertriage in level I safety-net trauma center the true process of triage whereby an institution develops criteria (Table S1 ) meant to guide the physician's clinical judgment. An alternative approach to define undertriage would be to examine those patients who did not get a full TTA despite fulfilling the institutional triage guidelines for a full TTA. As an example, a patient would be labeled undertriaged if he had a gunshot at the chest (an anatomic triage criteria in Table S1 ), but did not receive a level I TTA. In this schema, undertriage would not depend on ISS; instead, it would rely on how well the institutions executed their triage guidelines.
This study substantiates that ISS, lower GCS, revised trauma score, and intubation are predictors of mortality in all trauma patients, regardless of triage status. 3 Furthermore, the lower mortality rate and the shorter intensive care unit length of stay in the undertriaged patients likely reflect the significantly lower ISS and higher GCS in this population. This finding is similar to other studies that seek to find factors related to undertriage. 28, 29 Undertriaged patients tend to have lower injury scores than TTA patients, and thus are expected to have better outcomes overall. However, individual undertriaged patients with injury scores similar to those of TTA patients are likely to become worse. Previous authors have explored this by analyzing predicted versus actual survival rates among undertriaged patients and appropriately triaged patients. Rainer et al found that undertriage only affected mortality when the patient had a moderate probability of death and it did not affect mortality when there was a small or large probability of death. 30 The results of this study illustrated that patients with dementia were significantly more likely to be undertriaged. Furthermore, patients with dementia had significantly higher odds of death when undertriaged. After controlling for confounding variables, this trend remained, but was no longer statistically significant. Xiang et al found that elderly patients were more likely to be undertriaged and that more than 40% of undertriaged patients had a diagnosis of traumatic brain injury.
14 These findings, in conjunction with our data, suggest careful examination of patients who have baseline cognitive impairment. This study did not specifically examine the degree of mental deficit or the functional status of dementia patients. Decreased communication ability of these patients may have contributed to undertriage; however, data limitations prevented the subset analysis of why dementia is a predictor of undertriage in these trauma patients. It is possible that an abnormal sensorium may have been inappropriately ascribed to their underlying dementia when, in fact, it was due to trauma.
Our findings suggest that providers should look more closely at trauma patients with a history of dementia and consider a lower threshold for level I TTA in these patients. However, the results should be interpreted in the context of a number of limitations. First, the study represents a relatively small sample size. Furthermore, patients with endof-life directives were not excluded from the study sample. Additionally, the results are from a single public safety-net trauma center and, therefore, may not be reflective of other institutions. Lack of consistent definition of undertriage in institutions with multi-tiered trauma systems prevents making valid comparisons among them. In this context, the findings 
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Barsi et al of this study may assist in minimizing undertriage of severely injured trauma patients and enhancing the distribution of relatively scarce resources at a safety-net trauma center.
Conclusion
Most strikingly, our data showed that severely injured patients with dementia were more likely to be undertriaged. Further research may explore the reasons behind these observations, including the communication ability and the specific level of cognitive impairment of trauma patients with dementia. Improving awareness of the risk factors like dementia may positively impact the trauma triage process. Our data are also important as they are taken from a public safety-net hospital, which serves a population with poor access to primary care and often with financial instability. The findings will be especially useful to other health systems serving similar populations and can be broadened with future research.
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